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SHAPING FUTURES: PROGNOSIS, RECOVERY,  
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Recent advances in cardiopulmonary resuscitation such as targeted temperature 
management, and intensive care protocols have significantly improved survival rates 
following cardiac arrest. However, with increasing survival comes a parallel rise in cases 
of hypoxic-ischemic brain injury, a leading cause of morbidity and long-term disability 
in these patients. This presentation aims to provide a comprehensive overview of the 
pathophysiology, clinical manifestations, prognostication challenges, and rehabilita-
tion approaches associated with brain injury after cardiac arrest. Cerebral ischemia 
during cardiac arrest leads to a cascade of metabolic disturbances. Within seconds 
of circulatory arrest, oxygen depletion impairs neuronal function, and within minutes, 
glucose is exhausted, resulting in the failure of ATP-dependent ion pumps. This dys-
function promotes massive influxes of calcium and the release of glutamate, which in 
turn activates NMDA receptors, exacerbating excitotoxic injury. 

The intracellular calcium burden triggers mitochondrial dysfunction and the production 
of reactive oxygen species, initiating cell death pathways. Secondary injury processes—
such as cerebral edema, impaired autoregulation, and hypotension—can occur hours 
to days later, further amplifying neuronal damage. Clinically, the brain regions most 
vulnerable to hypoxia include the hippocampus, thalamus, cerebral cortex, and basal 
ganglia. Neurological sequelae vary widely, ranging from subtle memory and executive 
function impairments to coma and persistent disorders of consciousness. Movement 
disorders (e.g., myoclonus, Parkinsonism), seizures, paroxysmal autonomic instability 
and spasticity may also develop, complicating both acute management and long-term 
recovery. Prognostication in this population remains challenging, particularly in the 
context of therapeutic hypothermia, which may mask clinical signs due to sedation 
and delayed metabolism of medications. 

Current recommendations suggest waiting at least 72 hours after achieving normother-
mia to perform neurological assessment, including brainstem reflex testing, EEG, and 
neuroimaging. Early signs such as myoclonic status epilepticus or absent brainstem 
reflexes may indicate poor prognosis, but must be interpreted with caution. Despite 
early pessimism, a proportion of patients recover meaningful function, emphasizing 
the importance of delayed, multimodal prognostication. Scales such as the Glasgow 
Outcome Scale (GOS) and the Cerebral Performance Category (CPC) remain standard, 
though their predictive value can be affected by early withdrawal of care. Rehabilita-
tion is a cornerstone of management in survivors after the cardiac arrest. A tailored, 
interdisciplinary approach—initiated as early as clinically feasible—should address motor 
deficits, cognitive dysfunction, emotional dysregulation, and reintegration into daily life. 
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Functional neurorehabilitation should be guided by structured assessment tools and 
include intensive physical therapy, speech and language therapy, neuropsychological 
interventions, and caregiver support. From a systems perspective, integrating rehabilita-
tion planning into the continuum of care—from ICU to outpatient follow-up—is essential. 
Developing standardized post-cardiac arrest pathways with early involvement of reha-
bilitation specialists improves functional outcomes and reduces long-term dependency. 
In conclusion, as survival after cardiac arrest improves, the medical community must 
address the complexity of neurological outcomes and the critical role of rehabilitation. 
Understanding the underlying pathophysiological mechanisms of brain injury, utilizing 
cautious and evidence-based prognostication, and implementing early, individualized 
rehabilitation strategies are essential to optimizing recovery and quality of life in this 
growing patient population.

Keywords: Brain injury, anoxia, encephalopathy, cardiac arrest

References
1.	 Bougouin W et al. Extracorporeal cardiopulmonary resuscitation in out-of-hospital cardiac arrest: a 

registry study. European heart journal. 2020;41(21):1961–1971

2.	 Belohlavek J et al. Effect of Intra-arrest Transport, Extracorporeal Cardiopulmonary Resuscitation, 
and Immediate Invasive Assessment and Treatment on Functional Neurologic Outcome in Refractory 
Out-of-Hospital Cardiac Arrest: A Randomized Clinical Trial. JAMA. 2022;327(8):737–747

3.	 Sondergaard KB et al. Bystander Cardiopulmonary resuscitation and long-term outco-
mes in out-of-hospital cardiac arrest according to the location of the arrest. European Heart 
Journal;2019;40:309–318

4.	 Nolan JP et al. European resuscitation council and European society of intensive care medicine 
guidelines 2021: post-resuscitation care. Resuscitation. 2021;161:220-269.

5.	 Paul M, Legriel S. Neurological prognostication after cardiac arrest: how the “Best CPC” project 
would overcome selection biases. Crit Care. 2019 Jul 5;23(1):246. doi: 10.1186/s13054-019-2533-3. 
PMID: 31277700; PMCID: PMC6612118.

6.	 Podsiadło P, Mendrala K, Gordon L, Pasquier M, Paal P, Hymczak H, Witt-Majchrzak A, Nowak E, 
Czarnik T, Darocha T. Survival Prediction for Non-Asphyxia-Related Hypothermic Cardiac Arrest 
Patients After Extracorporeal Rewarming: Development of the HELP Score. ASAIO J. 2025 May 12. 
doi: 10.1097/MAT.0000000000002456. Epub ahead of print. PMID: 40367356.


